Introduction
The well studied Upper Oligocene fauna of the "Osnabrücker Meeressand" has historically often been compared to the "Kassler Meeressand" (Kassel Bay), the * E-mail: cdiedri@gmx.net "Leipziger Meeressande" (Leipzig Bay) and the "Cologne Bay Meeressande" (Cologne Bay) of Northern and Central Germany in the southern Pre-North Sea basin (cf. Fig. 1 ) by different palaeontologists such as Goldfuss [1] , Münster [2] , Roemer [3] and Beyrich [4] . These studies focus on fauna from Doberg, with less reported of faunas from the Astrup area (Fig. 1) .
The Astrup site (Coordinates: Long. 08
• 08'57, Lat. 52
• 18'56) is an old marl pit ( Fig. 1 ) which became fa- mous in 1830 [2] . This locality is about 1.5 km northeast of Osnabrück and 1.5 km NNE of Belm, 500 m west of the farm "Astrup" [5] . It is still open but heavily overgrown and only the upper parts of the section have recently been accessible.
Linenklaus [6] published the only overview publication of the Oligocene of the Doberg and Astrup marl pits, whereas later publications by Flügel [7] focus on rhodophyceans, and Hiltermann [8] on the foraminifers of the same site and another small pit in Pohlkotte. Terebratulid brachiopods from Astrup were revised by Cooper [9] . General descriptions of fossils from the Astrup and Pohlkotte marl pits and the Doberg site can be found in Linenklaus [6] , Siegfried [10] , Pannkoke [11] and Büchner [12] . The geology is described by Deutloff [13] ; stratigraphy by Hubach [14, 15] , Kaever and Oekentorp [16] and Ritzkowski [17] . A first overview of the complete Lower to Upper Oligocene section of Doberg was published by Diedrich and Strauß [18] and Diedrich [19] . Finally, the sedimentology and facies was analysed by Kohnen [20] . The microfauna have been a main interest, including foraminifers [21] and ostracods [22] [23] [24] [25] [26] [27] , especially for dating and facies analy-ses. Megafaunal studies have focused on different animal groups separately. Those studies often compared the material with the Oligocene fauna of the "Kassler Bucht" (Kassel Bay), the "Leipziger Bucht" (Leipzig Bay) and the "Rheinischen Bucht" (Rhenish Bay). Recent studies on foraminifers have revealed a warming event in the Late Oligocene (Voort Sand Formation) at the Dutch Chattian southern Pre-North Sea Basin area [28] . Bryozoans were listed but not very well-described or revised by Dartevelle [29] . The few anthozoans present were documented by Chevallier [30] . Mollusks were analysed by Görges [31] [32] [33] and Janssen [34] [35] [36] [37] [38] [39] , large oysters were revised by Diedrich [19] . Borings in the bivalves were discussed by Kleemann [40] and Bertling and Hermanns [41] , while the echinoids proved to be interesting early on to Goldfuss [1] as well as Ebert [42] , and with palaeoecological analyses by Nebelsick et al. [43] . Rare finds of sea feathers (corals), crocodile and seal bones and a large lobster fragment were additionally figured by Sprinhorn [44] . Fish and sharks are represented only by otolites and teeth [45] [46] [47] . The turtles have been figured by Dames [48] and Karl [49] . The most important find, the sirenia skeleton of Doberg, was studied anatomically by Siegfried [50] and after its new preparation by its palaeoecology and palaeobiogeography [19] . Tooth whale remains including a famous skull were figured by Rothausen [51, 52] . Finally reworked Keuper/Jurassic (mainly middle Jurassic) fossils of Doberg were used to understand erosion history and sedimentology [18] . Using ammonite fragments, these middle Jurassic sediments are thought to have eroded during the Oligocene from a thickness of about 50 meters. This was also found in the wider surrounding of the Wiehengebirge Island and Teutoburger Wald Peninsula region ( Fig. 1 ) of the southern Pre-North Sea Basin [18] .
This paper describes the main important macrofauna of the Upper Oligocene of the Osnabrücker Bergland, its palaeoecology and main facies types of Astrup. This is not a complete overview of the Upper Oligocene marine fauna of the Osnabrücker Meeressand, which is in the future needed, but it contains a new contribution to the Oligocene site of Astrup and the first overview and review of the northern German Upper Oligocene carbonate facies and its main benthic communities. Here it is compared the Astrup section stratigraphically to the famous Doberg stratotype, and also to the carbonate a facies of the Leipzig Bay (e.g. [53] ) and Cologne Bay (e.g. [39] ) of the Upper Oligocene in the southern Prae-North Sea Basin.
Material and Methods
The new studied material of about 700 macrofossils (coll. Dahlmann) consists of mainly invertebrates plus some historically collected material in the GeologischPaläontologische Museum Bünde. The Dahlmann collection was inventoried completely for the Museum Natur und Mensch Osnabrück under the running numbers Pal-328 -1 to 689; this being the largest present collection from the Astrup locality. This collection is usefull for qualitative faunal and palaeoenvironmental overview analyses, but is limited in quantitative deatils, as it wasn't sieved to standard amounts. Currently the site is newly protected and new digs are diffucult to obtain the permits. For many fossils, which were dug from different layers the sediment was still attached. The very different sediment types and layers (see geology and stratigraphy) are important for the stratigraphic localisation of most of the fossils to some main fossil rich beds (= marker beds see Fig. 2 ). Such relocalization is possible as it has also been possible from the historic Hubach collection of Doberg (Dobergmuseum Bünde). To support the stratigraphic position of the "main fossil beds" where the fosils were collected from two small digs were performed in those four main facies types. In each of the two digs 10l buckets of sediment were taken to obtain only larger macrofaunal remains by sieving on a 5 mm sieve to obtain preliminary statistics and to compare the fossils to the present Dahlmann macrofauna collection (generally also larger than 5 mm). The problem for the quantitative analyses in some layers is the fregmantation of fossil material (pectinids, brachiopods etc.) and more, the different preservation: in some layers aragonite shells are dissolved and only calcitic ones survived, in others both are present. This diagenetic "sorting" does not allow a perfect analyses for the Astrup fauna. In addition to the Dahlmann collection material, some vertebrate remains of a tooth whale are important remains from Astrup (Dobergmuseum Bünde). Approximately 2/3 of the invertebrate megafauna is presented here qualitatively with the best specimens.
The original Astrup marl pit site was newly studied sedimentologically (but not by microfacies) and by its macrofossil and ichnological content, which is fossil-rich in some layers to which most of the herein described material refers to, with fossils to a lesser extent coming from the lower part of the section. The "Pliothyrina Bed 1", the next "coarse gravel layer", the "glauconite fine gravel" layers and finally the "glauconitic carbonate sands" are the main different facies types at Astrup, where nearly all the fossils were collected by Dahlmann.
Stratigraphy and Sedimentology

Stratigraphy
The section of Astrup comprises, after the descriptions of Grossheide [21] , a total accessible thickness of 22 metres (Fig. 2) . The Astrup section consists generally of "marls", whose carbonate contents change to the top of sedimentary sequences. Such sequences consist of glauconitic sandy marls which are overlain by bioclastic rich chalky marls and limestone beds. Fossil rich layers are the main marker beds from the bottom to the top: Echinolampas bed, Chlamys (C.) decussata Beds, Pliothyrina Beds 1-3, Spatangus bed 1 and Glycimeris bed 3 (Fig. 2 ).
The section is described as follows (see [12] ); At the bottom of the section 100 cm glauconitic marls are present which end in a first parasequences of the first 20 cm thick limestone bed. 
Sedimentology and facies
The siliciclastic influenced carbonate sediments in the described Astrup sectionconsist of four main facies types (Fig. 3) .
The first facies type is the coarse gravel marl (Fig.  3A) In the third facies type of the glauconitic sandy marls (Fig.  3C ), pectinids and infaunal bivalves are abundant.
The fourth facies type is an authochthonous glauconitic sandy marl in which fewer macrofaunal remains are present (Fig. 3D) . Instead, crustacean burrows and bivalve bioturbation is common.
Palaeontology
The preservation of the fossils from Astrup is different, depending on the facies and stratigraphy. Shells of aragonitic bivalves and gastropods are dissolved; the mollusks are present only as steinkerns, in some cases it is not possible to determine them to genus level. Comparisons to mollusk material from Doberg with shell preservation support their identification. In contrast all calcitic organisms such as bryozoans, cirripeds, serpulids, echinoids, asteroids, and the bivalve groups of the sondylids, pectinids and oysters are well-preserved and it is possible to identify them to species level. Finally, bones from whales and sirenia are limonitic and reddish impregnated.
In the following, single species are listed shortly; at minimum, the most recent systematics and biodiversity is figured here (Figs 4-12) . The detailed descriptions of most species can be found in the references following.
Discussion
Biodiversity Spongae and corals: Drills seem to have been produced by Cliona sp. in Middle Jurassic carbonate-ironstone nodule pebbles (Fig. 3 ). In the Mediterranean Sea, Cliona celata is a perforating sponge (cf. [54] ). It lives inside shells or calcareous rocks which it perforates. Such perforations are often associated with the Gastrochaenolithes drill burrows of bivalves (e.g. [41, 55, 56] ) also at many pebbles at Astrup (cf. Fig. 3 ). Caryophyllia cf. granulata Polkowsky, 1994 is the only known Upper Oligocene solitary coral (Fig. 9 ) of northern and southern Germany ( [3, 56] ), which was most recently described with material from "Cologny Bay" [57] . the common mode of steinkern preservation at Astrup is problematic for detailed systematic analyses.
Tube worms: Cementula angulata (Münster, 1831) can be found mainly with several individuals on additionally drilled Jurassic concretion pebbles such as illustrated here (Fig. 7 Fig. 1 ). This annelid differs to the other serpulid spiral form of R. corrugata by its stronger overlapping whorl, the absence of stronger rugae and absence of a substrate uplifting tube ending. Since the description of "Serpula angulata" [2] no revision of this Oligocene species was made. Here the species which was distributed also in the Upper Rhine valley (cf. [56] ) is preliminary referred to the genus Cementula, which is present in the Mesozoic and Cenozoic (cf. [58] ). Rotularia corrugata (Goldfuss, 1826) . The species mainly attach with its spiral ending in straight alignment on the shells of the large oyster Crassostrea (material from Doberg, cf. [19] ; Fig. 7 , Figs 2-3) or the herein figured pebbles or the large brachiopod P. grandis. The habit of the spirals varied therefore depending on the substrate surface. This genus needs a revision which was started for the southern hemisphere by Macellari [59] and northern hemisphere by Schmit [60] , but "Serpula corrugata" by Goldfuss [1] was not recently discussed. Here the species is referred to the genus Rotularia after comparisons to the descriptions of Mesozoic serpulids (cf. [58] [59] [60] ). Janita dentalina (Münster, 1831) has an elongated and irregular curving form. The sculpture consists of three parallel longitudianal crests, typical for the genus (cf. [58] ), to which it is refered to here. In Astrup, this serpulid (Fig. 5, fig. 4 ) was found on a brachiopod shell fragment (Fig. 5 , figs. 2-4) and at Doberg a specimen was attached to the large oyster Pycnodonte (cf. [19] ). Anomotherium or the tooth whales Eosqualodon were found mainly in the carbonate facies surrounding the Rhenish Massif (modified after [19] ). Percentages based on 1.000 specimens each (Data from Leipzig bay after [54] fig. 4 ) and can be found quite often in the lower part of the exposed Astrup section (Upper Chattian A), also at Doberg, therefore these pectinids are useful for classical pectinid biostratigraphy (cf [31, 38, 39, 61, 62] ). fig. 6 ) is a medium sized pectinid about four centimeters wide with a fine radial ornamentation. Many of the valves are encrusted by small to large serpulid colonies of Balanus stellaris (see Balanids). This pectinid species is well described and distributed all over the Pre-North Sea Basin and typical of the Chattian B. (cf. [31, 36-38, 61, 62] ). Chlamys ( Camptonectes ) hausmanni hausmanni (Goldfuss, 1835) has a more coarse radial sculpture and is believed to have evolved from C. (C.) decussata (cf. [31] ), whereas it is possible that the "species" are nothing more than facies adaptated forms, and not even different subspecies. The material from Astrup shows fluent forms between C. decussata and C. (C.) hausmanni hausmanni of coarse to fine radially ribbed specimens . Without the exact stratigraphic position it can not be determined if the well preserved material from Astrup supports the "evolutionary trend" or the "facies variability" models. Double valved speciemens of C. decussata from Astrup prove that both shells are similarly sculptured with a similar amount of radial ribs. Chlamys ( Camptonectes ) ambigna (Bavay, 1904) (Fig.  8, Fig. 3 ) is a small sized pectinid and can be found together with C. hausmanni (C.) hausmanni decemplicata in the Chattian B, which was the case at Doberg (cf. [31, 38, 61] ). Chlamys ( Camptonectes ) cancellata (Marquest 2002) is a rare small pectinid (Fig. 8) and was mentioned and figured from Kassel Bay and Doberg in northern Germany (cf. [31, 38] ). Chlamys ( Camptonectes ) hausmanni decemplicata (Goldfuss, 1834) (Fig.  5, 8 ), was figured for the Chattian C at Doberg and was also mentioned for Kassel Bay in northern Germany (cf. [31, 38] ).
Chlamys ( Hilberia ) semitsriatus (Mün-ster, 1835) (Figs. 8-9 ) is rare in Astrup and was also found only with a few specimens in the Chattian C at Doberg (cf. [31, 38] ). Spondylus tenuispina Sandberger, 1863 (Figs 8, 10-11) has a right fixosessile and radial ribbed heavily covex and irregular valve (Figs 8, 10), which was found in Astrup mostly attached to gravels or Lithothamnion. The left, slightly convex to flat, free valve has strong radial ribs and even up to 5 millimetres long and irregular spines (Figs 8, 11 ). This species is also described and figured for Doberg, Cologne Bay and Kassel Bay but also for the Upper Rhine Valley Maizer Becken region (cf. [31, 38, 56, 63] ).
Crassostrea cyathula (Lamarck, 1806) (Figs 8, 12 ) is the only epibenthic oyster at Astrup, the shells of which are generally heavily drilled already during the animal's life and postmortally (cf. [19] ). It is commonly distributed in Germany in the northern and southern Oligocene ( [38, 56, 63] ). Arcoperna micans (Braun, 1862) (Fig. 9, fig. 1 ) was figured by Görges [31] from Doberg, whereas generally the shells are not well preserved and often only steinkerns are present. Artica cf. rotundata (Agassiz, 1845) (Fig.  9, fig. 2 ), the largest bivalve, is very common at many sites all over the southern Pre-North Sea Basin during the Oligocene ( [31, 38, 53, [63] [64] [65] ). Callista sp. (Fig. 9,  fig. 4 ) is also present at Doberg (e.g. [31, 39] ) mainly as steinkerns. Specimens from Astrup cannot be described to a species level, but it is also preserved as shells of different species from the Cologne, Kassel and Leipzig Bays (cf. [38, 53, [63] [64] [65] ). Laevicardium (Habecardium) aff. tenuisulcatum (Nyst, 1836) (Fig. 10, fig. 4 ) is present as steinkerns at Astrup and is also common at Doberg and other Pre-North Sea Basin localities (cf. [38, 53, [63] [64] [65] ), which does not allow a clear species identification. Most likely it belongs to the common Oligocene Laevicardium (H.) tenuisulcatum (Nyst, 1836). Glossus subtransver- sus (D'Orbigny, 1852) (Fig. 10, fig. 2 ) are preserved as steinkerns. However, as a well known and common Upper Oligocene species found with many shelled specimens at Doberg, Cologne, Kassel and Leipzig Bays (e.g. [38, 53, [63] [64] [65] ) the steinkerns can be referred to this sole Chattian species.
Glycimeris sp. (Fig. 10, fig. 3 ) steinkerns are impossible to identify to a species level, because different Oligocene species are distributed all over Europe (cf. [31, 38, 53, 56, [63] [64] [65] ). Pholadomya puschii (Goldfuss, 1840) (Fig. 10, fig. 1 ) steinkerns are identified from Doberg specimens described by Goldfuss, but again the preservation makes a clear positioning the systematics problematic, and therefore a revision has not been made yet. These pholadomids seem to be present only or mainly in the carbonate facies as mudstickers and are absent in the siliciclastic facies of Leipzig Bay (cf.
[53]: = P. weissi), or Cologne Bay (cf. [63] ). Panopea cf. angusta (Goldfuss, 1841) (Fig. 10, fig. 3 ) steinkerns from Astrup can not be easily attributed to a species, but the large specimens are similar to those found at Doberg which were identified as P. angusta by Goldfuss. Those specimens appear to have a large distribution over Europe in different facies types (cf. [31, 38, 53, 56, [63] [64] [65] ). Serpulorbis cf. imbricatus (Sandberger, 1863) (Fig. 11, fig. 1 ) are present only as steinkerns and are similar to Teredo, but the spiral form clearly distinguishes them. If Serpulorbis and Lemintina specimens from Mainzer Becken and Leipzig Bay (cf. [53, 66] ) are synonymous, then there needs to be a revision of these serpulid-shaped gastropods. Serpulorbis is the only serpulid-shaped gastropod that settles on hard substrates known from recent species (e.g. [67] ).
Gastropods: Cypraea sp. (Fig. 11, fig. 7 ) steinkerns can not determined on a species level. These gastropods are well distributed in the Oligocene of the Pre-North Sea Basin [37, 39, 53, 64, 67] . Xenophora sp. (Fig. 11, fig.  2 ) are only preserved as steinkerns. Such gastropods in shell preservation are figured for Leipzig Bay and Kassel Bay [37, 39, 53] , but also from Doberg [31] and Kassel Bay [81] with attached cemented fragments of other shells. Conus sp. (Fig. 11, fig. 3 ) occur with several different species from the Pre-North Sea Basin and Upper Rhine Valley Mainzer Becken ( [37, 39, 53, 56, 67] ). Haustator sp. (Fig. 11, fig. 8 ) steinkerns are common in some Haustator-layers (gastropod shell beds) creating marker beds at Astrup and Doberg (cf.), those are rarer in the siliciclastic facies of Leipzig or Kassel Bay (cf. [19, 66, 68] ). In the Mainzer Becken they are again more common [56] . Natica sp. (Fig. 11, fig. 4 ) steinkerns from Astrup are not identifiable to species level whereas many species are common and well known by shells all over Europe (cf. [37, 64, 67, 68] ). Ficus sp. (Fig. 11, fig. 6 ) steinkerns have the typical form and overprinted sculpture, and different species are described from the Oligocene of the Pre-North Sea Basin (e.g. [37, 39, 64, 68, 69] ). (Münster, 1839) (Fig. 12,  fig. 11 ) is figured from Astrup by Hiltermann [5] and is known from Doberg as well [11] , and from other European localities (e.g. Mainzer Becken [56] ). The specimens reported here are rarely attached to the large terebratulid brachiopods, instead they are found mostly attached to pebbles, which is also the case at Pohlkotte near Astrup (cf. [5] ). Balanus stellaris (Brocchi, 1843) (Fig. 12, figs  12-13) is the most common and smallest of all three balanids of the region (cf. [70] ). Typically it is attached only to the upper valve of the pectinid Chlamys (C.) decussata; completely encrusting their valves with colonies (Fig. 11,  12) , and rarely it settles on other pectinids. C. decussata pectinids are found in the fine gravel facies, where the best substrates are the vagile pectinids. Other fossils in the same facies was the brachiopod P. grandis, again best for settling on substrates in a highly energetic environment. Those species are distributed all over Europe (e.g. [56, 68, 70] ). Rare Balanus porosus (Blumenbach, 1803) (Fig. 12, fig. 13 ) was found attached to the large terebratulid P. grandis, and is also distributed all over the Pre-North Sea Basin during the Oligocene [71] .
Crustaceans: Balanus zonalis
Bryozoans and brachiopods:
Smittina angulata (Mün-ster, 1827) (Fig. 6, fig. 1 ) colonies are present here and are also reported for the Upper Oligocene of Doberg ( [11, 72] ) and other European localities (cf. [29, 73] ). Lichenopora tubulifera (Münster, 1837) (Fig. 6, fig. 2 ) is another large growing form and has quite unique radial anthozoan-like zooarians. Lichenopora is typical only in the glauconitic carbonate sand facies, especially in the Spatangus bed in Astrup, and is also figured for Doberg ( [11, 72] ). Cellopora conglomerata (Münster, 1837) (Fig.  6, fig. 3 ) built elongated larger colonies with a thin pipelike canal are referred to as C. conglomerate, whereas this species is not yet revised and difficult to compare to other regions. In the sandy bay regions such as Cologne and Leipzig Bays they seem to be rare or absent (cf. [69] ), which proves a facies and seagrass dependent occurrence. Reteporella marginata (Reuss, 1865) (Fig. 6, fig. 4 ) is a fan-like growth form that occurs in the glauconite fine gravel facies. In several publications this genus is mentioned or figured for the European Oligocene (cf. [29, 74] ), but it needs taxonomic revision.
Pleuronea reticulata Figure 14 . The "coarse gravel spondylid beach fauna" of the Upper Oligocene shore environment of Astrup. This "pebble beach facies" is dominated by sessile brachiopods, large balanids, spondylids and oysters or small regular echinoids. Borings are common in carbonates and concretions. B. The "glauconite fine gravel brachiopod-bryozoan littoral fauna" of the flat subtidal in the Upper Oligocene of Astrup. Here a terebratulid and lithothamnid dominated fauna/flora is present. The rhodophycean aggregates were most possibly anker stones and the best attachment substrates. They were substrates for cirripeds, and serpulids. C. The "glauconite carbonate sand phytal fauna" of the flat subtidal in the Upper Oligocene of Astrup. Here a rich benthic mollusc dominated fauna is present. Seagrass and macroalgae are proven indirectly by attachment negatives of balanids and oysters, but also by Cibicides foraminifera or bryozoans like Cellepora. Pectinids found their optimal biotope here. Shrimp produced vertical burrows and sediment hills on the sediment surface. (Reuss, 1869) (Fig. 6 , figs 5a-b) colonies are preserved partly with the basal part attached to some hard substrate, and from the identification of the upper branches these species are known in Europe from different sites [29, 73] , but again as for most Oligocene bryozoans of Germany a revision is needed. ? Tubucella (Figs 6a-c) remains are present with flat and wide colony fragments, occuring in the the glauconitic fine gravels (possibly also ?Metrarabdotes). Both have very similar morphologies in terms of their branch types (e.g. [73] ), and therefore only a detailed revision including the zooarian morphology can clearify the systematics and distribution of this species in Europe in the future. Hornera sp. (Fig. 6 , figs 7a-e) has a tree-like branched colony, and is present with several fragments from the glauconite fine gravel facies. This genus is frequently found at many sites in Europe [73, 74] , a detailed review by Dartevelle [29] described Oligocene German material, but again a revision of the different species with their different zooarians is lacking. Adeonellopsis porina (Römer, 1863) (Fig. 6, fig. 8 ) is a fan-and net-like growing type found in the glauconitic carbonate sands. Similar specimens seem to have been found at different sites in Europe ( [73, 74] ), but only a further detailed analyses of the zooarians will be necessary for a revision of Römer's [75] established species. Escharoides bicornigera (Milne-Edwards, 1886) (Fig. 6,  fig. 9 ) is quite abundant attached on surfaces of gravels, echinoids and mostly brachiopods incrusting E. bicornigera. This is recorded from Doberg [72] , and is common all over the European Oligocene ( [29, [72] [73] [74] ). Pliothyrina grandis (Blumenbach, 1803) (Fig. 12, fig. 10 ) built three massive shell beds with single and double valved specimens. This terebratulid is common also at Doberg ( [11, 72] ), was revised to the genus Pliothyrina ( [9, 76] ), and is distributed mainly in the carbonate facies and is nearly absent in the sandy facies of Cologne and Leipzig Bays (cf. [69, 77] ). (Sandberger, 1863) (Fig. 12, fig. 4 ) is one of the most important Astrup specimens that is absent at Doberg. Spines from the Mainzer Becken Oligocene have been described by Sandberger [66] as C. nanus, which might to refer to this species and the corona, whereas the latter is also described by fragments as Cyphosoma rhenana (Ludwig). Possibly Paleodiadema reingardae fragments from the Upper Oligocene of Leipzig Bay at Magdeburg are a younger synonym of this species (cf. [78] ). A revision of these Oligocene regular echinoids is needed to understand taxonomic problems between spines and corona "taxa". Psammechinus pusillus (Münster, 1834) (Fig. 12, fig. 5 ) is a small regular echinoid, which is also common at Doberg (cf. [42] ). Its coronas range from juveniles to fully grown up individuals (4-12 mm in diameter). In the sandy facies these specimens are extremely rare, for example at Leipzig and Cologne Bays (e.g. [69, 77] ). Small Echinocyamus ovatus (Münster, 1829) (Fig. 12, fig. 6 ) was collected from the glauconitic carbonate sand facies of Astrup. It is also a common species at Doberg in similar sediments where many coronas with small borings of predators were observed [43] . It is a Middle European species also found in the Upper Oligocene of the Upper Rhine valley at Stromberg or Magdeburg Bay, but there it is extremely rare [78, 79] which indicates a carbonate facies and environment adaptation.
Echinoderms: Polydiadema nanus
Echinolampas kleini (Goldfuss, 1826) (Fig. 12, fig. 2 ) are more rare here in Astrup in contrast to at Doberg. This can be explained by the slight differences in the facies and the thinner condensation of the Echinolampas Bed. Normally this layer is heavily enriched with thousands of their coronas recorded at Doberg (cf. [6, 19, 42, 72] ). This fossil rich layer is at the base of the marl pit at Astrup and since 1950 it has been covered, which might explain the fewer finds. In addition, this echinoid is present in carbonate facies but is absent in Leipzig and Cologne bays, the sandy facies. Spatangus desmaresti (Münster, 1829) (Fig. 12, fig. 1 ) is about 12 centimeters long and is the largest echinoidpresent at Astrup; resulting again due to the presence of the Spatangus Bed 1 at the top of the section in Astrup. Quite often the corona has drill or boring holes, such as in the figured specimen, resulting from gastropod predators. It is also a common sea urchin in similar layers at Doberg (cf. [6, 19, 42, 72] ,), but is also absent in the sandy facies of Leipzig and Cologne Bays. Hemipatagus hoffmanni (Goldfuss, 1829) (Fig. 12, fig. 3 ) is about six centimeters long and is represented as several coronas of different aged individuals. This species is reported as a rare occurrence from other Pre-North Sea basin sites in the Magdeburger Bay and Austria (cf. [78, 80] ). Ceramaster cf. brandenensis (Rasmussen, 1951) (Fig. 12 , figs. 7-8) has a granular marginal plate surface. This species needs a future revision for the Oligocene material of Germany. The last descriptions and illustrations of marginalia from the "Middle Oligocene" of Central Germany by Kutscher [78] fit well to the material of Astrup. A few specimens of Astropecten cf. granulates (Müller and Troschel, 1842) (Fig. 12, fig. 9 ) marginalia are described and figured from Doberg and from Magdeburg and Leipzig Bay [53, 78] .
Vertebrates:
Myliobatis sp. (Fig. 13, fig. 1 ) the ray teeth of this genera are found at many Oligocene sites in Europe [81] , but are quite rare in the Osnabrück and Doberg Bays. Notorhynchus primigenius (Agassiz, 1843) (Fig. 13, fig. 4 ) occurs as a a single first cusp of the serrulated teeth. It is a cosmopolithic species found all over the northern hemisphere (cf. [81, 82] ). Carcharias cuspidatus (Agassiz, 1843) (Fig. 13, fig. 3 ) is one of the most common Oligocene sharks which is also cosmopolithic and is found all over Europe (e.g. [53, 81, 82] ). Isurus retroflexus (Agassiz, 1843) (Fig. 13, fig. 2 ) is present as a complete anterior tooth, a special find that is rare even at Doberg. This species is described from the Oligocene shallow marine deposits of Europe from many different localities (e.g. [53, 81, 82] ). Dentex sp. (Fig.  13, figs 5, 6 ) teeth seem to be from Dentex, but Sparus also had similar teeth. Therefore the teeth found at As-trup are referred here preliminary to this genus, which is distributed all over Europe (e.g. [53] ). An Eosqualodon langewieschei Rothausen, 1968 (Fig. 13, fig. 7 ) tooth whale was recorded from the southern Pre-North Sea basin Doberg with a skull, isolated teeth and vertebrae [52] . Here a new find from Astrup can be added, from the carbonate facies of the Upper Oligocene in the southern North Sea basin. This whale is not reported from the Cologne or Leipzig Bays.
Stratigraphy
The Upper Oligocene stratigraphy of the Chattian (28.4 ± 0.1 -23.03 my) is recorded for Astrup by Grossheide [21] and Hiltermann [5] . It is fairly coarse and not biostratigraphically subdivided. The stratigraphy is presented here with new outcrop studies and a new and more detailed section including the marker beds and marine sedimentary sequences such as new subdivisions using the Doberg section for correlation (Fig. 2) . Some beds seem to be isochronous and are wide spanned marker horizons such as the basal Echinolampas Bed (lower Chattian A), which is more rich in echinoids at Doberg than at Astrup. The Pliothyrina Beds 1-3 (only two at Doberg) support the stratigraphical subdivision of the middle section of Astrup into the upper Chattian A to Chattian B. Finally the Spatangus Beds (only one in Astrup) are other important marker horizons dating to the lower Chattian C (cf. Fig.  2 ). The comparison of the Astrup section and its fossiliferous marker beds to the complete Doberg Chattian type section (cf. [19] ) allows a first aging of the complete Astrup section into the upper Chattian A to lower Chattian C. This dating is also supported by classical NSB Oligocene pectinid stratigraphy (cf. [31, 36-38, 61, 62] ). Here, the former subdivision by Berggren et al. [83] can be revised, especially after the new stratigraphic work of the Doberg section and its marker beds (cf. [19] ). The absence of Pecten (H.) bifidus and Pecten (H.) janus in the large pectinid collection of Astrup is a final proof of the unexposed lowermost Chattian (= Lower Dobergschichten, Lower Chattian A) in the marl pit. The upper part reaches to the pectinid zone of Pecten (H.) hofmanni (= Upper Dobergschichten, Lower Chattian C).
Present day comparisons to the marine fauna and flora of the Mediterranean (cf. [54, 84] ) and the Arabian Gulf (cf. [67] ) are important and have been used by Nebelsieck et al. [43] and Diedrich [19] because of their similar carbonate sedimentology, fauna/flora with seagrass meadows, water temperature and salinity.
Facies types and palaeoenvironments
In northern Germany Kohnen [20] subdivided different carbonate facies zones at Doberg. These zones ranged from intertidal to shallow subtidal coastal habitats, and match the palaeogeographical map herein of the Weserbergland Island and Peninsulas; which are in between the important localities of Pohlkotte, Astrup and Doberg situated in the intramountainous Osnabrücker Bergland and Doberg Bays (cf. Fig. 1 ). The Astrup section is different from that at Doberg in that it is more condensed and has much more coarse gravel layers in the Upper Oligocene (cf. Fig.  2 ). Here this "pebble coast" facies occurs much earlier in the transgression horizon at the basal Oligocene (cf. [19, 20] ). The facies difference is correlated with different pectinid species. Therefore the "evolution of the pectinids" presented by [31] and used by many authors is questionable. Today it is well-known that benthic mollusks adapted their shell morphology to their environments and can be variable (cf. [67] ). Some species are, as proven here in the facies models, even adapted to facies. Different species of pectinids occur as a result of changing sediments and facies types between Astrup and Doberg and seem to be more abundant in the carbonate facies, than in the sandy areas of the Pre-North-Sea Basin (cf. Cologne Bay of Western Germany: [69, 85] ; Leipzig Bay of Central Germany: [53] , Belgium: Marquet et al., [86] ; Denmark: Schnetler et al., [87] ). At least some species are well known in modern environments (cf. [54, 80] ) and seem to have adapted to facies and the presence or absence of seagrass meadows. These main environments are distingushed in Astrup through three macrofauna palaeocommunities similar to Doberg. However, the coarse gravel facies is developed at Doberg only in the basal Lower Oligocene and with a slightly different fauna.
The benthic macro-megafauna of the Upper Oligocene (Palaeogene) at Astrup is found in some main facies types and compares well to that of Doberg (cf. [19, 38] ). Three main benthic communities are presented here for the Upper Oligocene of the southern Pre-North Sea Basin. Such differences, including all macrofauna groups, were not made at the Chattian type section of Doberg, where the facies and environment analyses were based on single fossil groups such as mollusks [38, 39] , foraminifera and ostracods ( [20] [21] [22] [23] [24] [25] [26] [27] 88] ). This selective view does not give a full understanding of the organism palaeoecology and the facies, and especially the differences between the coastal carbonate and shallow marine silicilastic palaeoenvironments of the southern Pre-North Sea Basin (Fig. 4) . The studies refered to above described systematics and gave interpretations to single species habitats and ecology, but also new palaeoclimatic results about a warmer period in the Pre-North Sea Basin during the Upper Oligocene [28] . In addition they provide a convincing answer to the question of the presence of the phytal and seagrass meadows, which were proven indirectly by foraminifera (e.g. [20] ), which are important in order to understand the palaeoecology. Finally the presence of a sirenia species which occcurs only in this southern Pre-North Sea Basin has been reported ( Fig. 4; [19] ). Important to note is the sedimentological similarity of the Osnabrücker Bergland Upper Oligocene sediments to the Kassel Bay (marls and carbonates), which are different to the Oligocene sedimentology of Cologne Bay and Magdeburg/Leipzig Bay (siliciclastic sediments, cf. [41, 53, 85] Fig. 4) . These Upper Oligocene siliciclastic influenced carbonates of Osnabrücker Bergland seem to have been erosion products from the weathering Triassic to Cretaceous carbonates of Wiehengebirge Island and Teutoburger Wald Peninsula. Re-sedimented carbonates built up the marls and limestone of this region. They also explain the presence of extended seagrass meadows of possibly a single species that only occur in this region between Osnabrück and Kassel around the Rhenish Massif (Fig. 4) . This also explains the faunal benthic community differences, as presented here with the main animal groups, which distinguish the two main facies and palaeoenvironments (Fig. 4) . In the carbonate facies of the coastal zones of Osnabrücker and Doberg Bays a high amount of echinoids, bryozoans, balanids, and spondylids are present, which are all nearly absent in the shallow marine Leipzig Bay paleoenvironment. Whereas in the carbonate facies a mixed fauna and seagrass meadows can be proven, the shallow marine sands of the southern Pre-North Sea Basin are mollusc and fish dominated, indicating benthic communities (cf. [53, 85] ). At Astrup three benthic palaeocommunities are distinguished.
Palaeocommunity types on the carbonate coast
The "coarse gravel spondylid beach fauna" (Fig. 14) consists of a heavily reduced and primarily fixisessile benthic community. This fauna is dominated by large balanids Balanus zonalis (Münster) , serpulids Cementula corrugata Goldfuss, Rotularia angulata Münster and the bivalve Spondylus teniuspina Sandberger which is cemented on the pebbles. The large oysters Crassostrea cyathula (Lamarck) are represented with heavily rounded and drilled valves, similar to at Doberg [19] . The regional, semi-large Triassic Muschelkalk limestone blocks and pebbles are mixed with Jurassic iron stone concretions and encrusted Carbonifeous and Keuper sandstones. In contrast, dolomites and iron stone concretions are usually drilled by bivalves and spongae, similar to those commonly found at Doberg [18] . These high energy environment fauna dominated by fixisessile cemented organisms are distributed around the peninsula and island coasts of the Osnabrücker Bergland. Similar modern beach gravel facies with carbonates that have been bored can be found in the Adriatic and Mediterranean rocky coastlines as well as nearby islands (cf. [54] ). They have similar shallow water environments effected by seasonal warm to temperate conditions. At Astrup the beach fauna of the gravels consists of encrusted rhodophyceans, drilling spongae and bivalves, serpulids and balanids (cf. [54] ). Spondylids and regular echinoids such as extinct and extant Polydiadema species live on the shore rocks and mostly carbonate pebbles (cf. [54] ).
The "glauconite fine gravel brachiopod-bryozoan littoral fauna" (Fig. 14) was built in very shallow water depths and high energy conditions. This facies can be found repeatedly in the sections of Astrup and Doberg, depending on eustasy and palaeogeography. In this environment, an adapted fauna settled, dominated by the large brachiopod P. grandis (which forms three shell beds at Astrup), Lithotamnion rhodophycean aggregates plus different bryozoan species. These large objects were themselves commonly encrusted by balanids, bryozoans and serpulids. At Doberg, the amount of terebratulid shell layers lower (only two, not so rich beds, [19] ), whereas the large amount of terebratulids in Astrup has been long documented Lienenklaus [89] . The shallow water facies is the best for the terebratulids, who mainly developed in the Astrup region, and not so much in the Doberg area, which was mainly represented by the third facies type. Unclear is their exact fixation to the substrate. The small gravels were not optimal as they were unstable substrates in this hydrodynamicly high energy zone. The best objects to attach to were most likely the large Lithotamnion aggregates due to their heavier weights. Those would have been the best anker stones for brachiopods (Fig. 14) , which is suggested here, although none direct proves have been found. Chlamys (C.) hausmanni hausmanni and Chlamys (C.) decussata are the dominant and only pectinids of the Chattian A and B and of this facies zone. C. (C.) decussata is another almost perfect substrate in this facies, on whose upper free valve Balanus stellaris colonies encrusted, often completely covering the valve, similar to on the pectinids in Cologne Bay [90] . This occurred only in these facies and layers, which is also found at Doberg. Additionally, serpulids and bryozoans also cemented themselves sometimes on these pectinids. Lithothamnion, in contrast, was not the best place to settle on permanently because they were not only moved by the water currents but also unstable substrates for permanent fixosessil animals. During storms and other movement events, brachiopods were, in contrast, able to change their attachment point from time by time. What is unclear is the attachment strategy of the other bryozoan species Reteporella marginata and Hornera sp., which also indicate turbulent environments (high energy Reteporella/Hornera bryozoan assemblage; cf. [73] ). Also, other bryozoans with the fan-like form of Pleuronea reticulata (Reuss) occur in this facies, and possibly even more species. The largest animal, the tooth whale Eosqualodon langewieschei Rothausen is present at Astrup, know froma vertebra (Fig. 13, fig. 7 ) from the glauconitic facies.
In this facies a good analogous modern day environment and fauna is difficult to find, because of the brachiopods which are now missing in Adria (cf. [54] ). The ones found today are only present in deeper water zones, where they attach each other to agglomerates in the Northern Atlantic. Glauconite gravels and rhodophycean assemblages are also not well-known in modern shallow water environments.
The "glauconite carbonate sand phytal fauna" (Fig. 14) was the deepest facies of the region ranging from water depths of around three to five meters (also [20] ). These partly glauconitic carbonate sands are the habitat for most of the fauna, including epi-, infauna and nectic living animals, between seagrass meadows and macroalgae. They have the highest biodiversity in the Oligocene Sea. There are now, at minimum, three well-proven examples for seagrass meadows with the abundant foraminifera Cibicides, that settled attached on the phytal [20, 21] . The evidence for macroalgae are the negative attachments of the large oyster Pycnodonte (at Doberg, [19] ), and here with large balanids of Balanus zonalis, which have similar negatives. At Doberg, such macroalgae attaching balanids were overgrown by the large oysters; both which settled on the algae stipe [19] . Seagrass is evident from the abovementioned foraminifers, but clear evidence is also found in the negatives' description of the oyster Ostrea. This was found at Doberg with impressions of seagrass stipes and roots [19] . At Astrup further evidence for the exitsence of seagrass meadows is shown by the presence of the bryozoan Cellopora conglomerata (Münster) . They encrust along the seagrass stipes, the impressions of which built a central canal in the elongated fossil colonies.
The phytal and the seagrass meadows were a special environment for animals to hide in. The lobsters found at Doberg (cf. [44] ) did; and modern lobsters still do in the Adria (cf. [54] ). Pectinids periodically would attach to seagrass (cf. [38, 39] ). Pectinids, oysters, and foraminifers settled on these. Pectinids and oysters lived on the sediment surface. Mainly here, the small pectinid C. (C.) aequaetranquilla, found in the Lower Chattian A layers, again proves seagrass, because modern pectinids are attached with their byssus in seagrass meadows (cf. [67] ). Gastropods lived here with bivalves, many of which were infaunal. Nearly all the echinoids are infaunitsic species such as Echinolampas kleini, Spatangus desmaresti, Hemipatagus hoffmanni and the tiny Echinocyamus ovatus; all of which moved along close to the sediment surface. Only the small regular Psammechinus pusillus was epifaunitsic, most likely living on the macroalgae or seagrass. The second type of regular echinoids are cidarids, which are well-known from their spines and single corona plates. These have been found only in Doberg. They have flat ending spines, which indicate that they lived on the sands and didn't sink into them. At both localities asteroid marginal plates are known. They are from at least two different large sea stars, but their systematic positions are still unclear. Bryozoans are represented here with Smittina/Tubucella and Metrarabdotos, which do not indicate (as suggested for the Miocene) periodical dysoxic bottom conditions (cf. [73] ). In contrast, they indicate good oxic situations and possibly positions between seagrass meadows of the phytal, at least in the Upper Oligocene.
This phytal facies can be compared to modern environments in the Adria and Mediterranean fauna and flora; and especially to seagrass zones in which mainly large macro brownalgae also occur (cf. [54, 91] ). Compared to modern environments and all described faunal elements, it is likely that the seagrass Cymodocea was developed in the Oligocene of this region. Possibly it was only present in larger meadows in carbonate-rich regions, such as the Osnabrücker Bergland shallow sea, where many encrusting and seagrass adapted animals indicate a benthic environment. Finally, these extended meadows explain the presence of a special sirenia fauna only north and east of the Rhenisch Massif mainland in the Osnabrücker Bergland intramountainous Bay and Kassel Bay. Here, two skeletons from Anomotherium langewieschei were found, one in Bünde and one in Schauenburg-Hoof [19] . This is additonal evidence due to the single bones from Astrup. Whereas outside these regions this heavy and large sirenia are proven only with a single rib at Leipzig Bay' they are common in the carbonate facies and seagrass meadow areas of central northern Germany. In other bays, such as Rhenish Bay or Leipzig Bay, Halitherium schinzi was distributed and possibly macro brownalgae too, which shows different feeding strategies of the large mammals [19] . Their predator, the large shark Carcharocles angusti-dens was not found in Astrup yet, but is well-known, with many teeth, from Doberg. Finally here in Astrup, three sharks Isurus, Carcharias and Notorhynchus are recorded in this facies plus the common crushing teeth of the sea bassa Dentex/Sparus.
Palaeoecology of the macrofauna
Here the main and important groups and species are discussed which are useful for palaeoenvironmental and palaeoecological analysis. The infaunistic bivalves are mainly represented by large forms, whereas the small forms are absent or are destroyed. The steinkerns consist of glauconitic carbonate sand and are therefore mainly from autochthonous layers, where they have been found as double valved specimens. Steinkerns were compared to shell-preserved specimens from Doberg and can be determined, in many cases, to the species level. The largest 15 cm wide form is Artica cf. rotundata which lived close to the surface. The siphones reach into the water column [92] . Callista was also infaunal and burrowed in littoral sands (e.g. [85] ). Glossus and Laevicardium belong to the forms which lived also in the upper sediment, having short siphones [92] . Glycimeris sp. in contrast, was adapted to mobile sands [92] . Pholadomya pushii lived infaunally in one place by sticking out its siphons to the sediment surface [39] . The large Panopea cf. angusta lived in the sediment with its siphons reaching to the seafloor ( [69, 85] ). These bivalves could escape to 60 centimeters deepth in the sediment (cf. [82] ), as has been observed at Doberg. The gastropod palaeobiology is well known and described from different regions such as Cologne Bay, Kassel Bay, Leipzig Bay and Doberg ( [38, 39, 69, 85] ). Cypraea gastropods live epifaunitsically, through vagile feeding on algae on the sea floor (e.g. [67] ). Xenophora inhabits the sea floor and cements the shell fragments of other mollusks onto its own shell to protect against predators. Conusis a carnivore gastropod of the sea floor and Ficus an infaunal modern mesogastropod which has long siphons reaching to the sediment surface (e.g. [67] ). Turritellid gastropods such as Haustator lived directly below the sediment surface and were drift catchers feeding on plankton (e.g. [93] ). The carnivore predator Natica attacked bivalves by drilling their shells which left the characteristic small holes; such gastropods and their borings are common all over the Pre-North Sea Basin ( [37, 39, 64, 68, 69] ).
The balanid paleoecology was formely discussed by Strauch [90] . All three northern German balanids of the Upper Oligocene are represented. They settled on hard substrates such as pebbles and shells and even macroalgae; some of them had preferred substrates. B. zonalis seems to prefer the coarse gravels and shore facies, settling on the most stable substrates, the pebbles. Macroalgae stipeses were incrusted where no other large stable substrate surfaces were available.
From Astrup, an additional two large balanids from the formerly described Pycnodonte oysters of Doberg (cf. [19] ) show that they attached to phytal and macroalgae in this region. B. stellearis liked stable, but vagile, animals such as pectinids, and in this case C. (C.) decussata; cf. [90] , which was able to move on the seafloor in hydrodynamically high energy very shallow water environments.
The bryozoan palaeoecology of Tertiary assemblages has recently been re-investigated (e.g. [73] ). The most common large irregular colony is built out of S. angulata, which is known to settle inbetween seagrass (cf. [73] ). Cellopora conglomerata colonies are typical of the glauconite sand facies and show together with the attachement negatives at oysters of Ostrea (cf. [19] ) that extensive seagrass meadows were present in the Osnabrücker Bergland (Osnabrücker and Doberg Bay) region. Reteporella marginata indicates in contrast a turbulent facies (cf. [73] ), which supports the facies interpretation of the terebratulid rich glauconite sands in Astrup.
The terebratulid palaeoecology is difficult to determine when considering the fixation of the large terebratulid clusters. The terebratulids are often encrusted many balanids (B. stellaris, B. porosus), with serpulids (R. corrugata) or bryozoans (E. bicornigera). The presence of terebratulids indicates high turbulence and oxygen rich water in a very shallow marine coastal setting, as has already been proposed (cf. [14] ). 
